Aging can have a profound effect on the neurobehavioral response to immune activation; aged subjects are predisposed to greater deficits in performance and cognitive function in conjunction with an exaggerated neuroinflammatory response. While increased reactivity to an immune insult has been well characterized in aged subjects, the alterations that may exist by middle-age have not been thoroughly investigated. The present study compared the reactions of young (4-month) and middle-age (12-month) male BALB/c mice to an acute or repeated lipopolysaccharide (LPS) challenge(s). The data suggest that in some respects middle-aged mice are more sensitive to endotoxin exposure, as they show enhanced weight loss, splenic cytokine levels, and c-fos expression in the brain following acute LPS administration compared to younger mice. However, acute LPS exposure led to comparable decreases in locomotor activity in young and middle-aged mice. Following repeated LPS administration both age groups showed diminished behavioral and neural reactions to the final LPS challenge, indicating tolerance development. However, the immune system of the middle-aged mice was still mildly responsive to the final LPS exposure, as splenic levels of IL-1b were significantly elevated. Collectively, the data suggest that middle-age subjects are more sensitive to an immune insult.
Introduction
The general health of an organism often decreases as a function of age, with aged individuals showing increased frequency of infection, poorer outcomes, and increased mortality (Laupland et al., 2003; Miller, 1996) . This increased propensity for illness likely results from a series of age-related changes in immune function, or immunosenescence, and may vary with the site and immune parameters assessed (Aw et al., 2007; Miller, 1996) . Corresponding changes also develop in the central nervous system (CNS), as evidenced by exaggerated neuroinflammatory responses in aged subjects (Abraham and Johnson, 2009; Chen et al., 2008; Dilger and Johnson, 2008; Godbout et al., 2005; Henry et al., 2009; Terao et al., 2002) .
Whereas the focus on altered immune function and subsequent neurobehavioral effects has largely been placed on elderly subjects (Dilger and Johnson, 2008) , alterations in these domains occurs in middle-age (Blalock et al., 2003; Izgut-Uysal et al., 2004; Popp and Francis, 1979; Rozovsky et al., 1998; Terao et al., 2002; Verbitsky et al., 2004) . For example, even in the absence of an immune stimulus, middle-aged subjects show increased hippocampal expression of multiple inflammation-associated genes relative to younger subjects (Blalock et al., 2003; Terao et al., 2002; Verbitsky et al., 2004) . Furthermore, whereas the behavioral response of middle-aged subjects did not differ from younger subjects following a single challenge with the endotoxin, lipopolysaccharide (LPS; Gram-negative bacteria cell wall) (Kinoshita et al., 2009; Kohman et al., 2007; Krzyszton et al., 2008; Sparkman et al., 2004) , repeated LPS exposure, a model of chronic inflammation, produced greater cognitive and performance decrements in middle-aged subjects (Kohman et al., 2007; Sparkman et al., 2004) . Therefore, while less apparent than the effects observed in elderly subjects, the findings suggest that under certain conditions middle-aged subjects are more vulnerable to the cognitive and behavioral effects of immune activation.
The exaggerated deficits observed in middle-aged subjects following repeated LPS exposure (Kohman et al., 2007; Sparkman et al., 2004 ) may indicate impairments in tolerance development. Endotoxin tolerance is a temporary decreased responsiveness to LPS, induced by prior exposure to LPS (Fan and Cook, 2004) , and which is an adaptive response that can protect against the occurrence of septic shock. LPS administration stimulates immune activation through interactions with toll-like receptor-4 (TLR-4). Tolerance to LPS can develop through a reduction in TLR expression
